Experiment.
The rate at which energy is being dissipated by electric currentsinduced in the cylinder, has been obtained in the following manner.. The horizontal radius in fig. 2 has been divided into ten equal parts, and the cylinder is supposed to be cut by vertical planes 0, a, (3, . . -nassing through the points of intersection, the plane 0 containing the axis of the cylinder. The circles 1, 2', 4 show the paths traversed by the longitudinal sides of the exploring coils during rotation of the cvlinder. In the plane a let 6, 0V 9-> be the ang the exploring coils makes with the horizontal when the coils 1, 2', 4 have respectively one of their longitudinal sides in the plane a. Three paths of induced electric currents in the plane a are now assumed. No 1 is taken to be the rectangle having its two sides, which are parallel to the longitudinal axis, equal to and coinciding with the sidesof the coil, and its two other sides the straight lines necessary to complete the rectangle in the plane a. Similarly with regard to coils-2' and 4. Each path is assumed to have a cross-sectional area of 1 sq. cm. throughout its longitudinal length, and this area multiplied by the sine of the angle which the plane of the coil makes with the horizontal, throughout the remaining portion of its length. electric resistance of each path has been calculated in ohms. Eig. 3-time in Seconds. cuts the axis of time, has been halved, and the sum of the values thus obtained is taken to be the effective electromotive force in volts acting around the assumed path of the induced electric current. Similarly for coils 2' 4 at angles &i 02 respectively in fig. 3 . The rate of dissipa tion of energy in watts is taken to be the square of this electromotive force in volts, divided by the resistance of the path in ohms. These watts have been plotted on squared paper, and the total watts in the plane a have been obtained by integration with respect to the vertical distance from the horizontal axis. Finally, by integrating with respect to the horizontal axis ox, the total watts dissipated in the half cylinder have been found. The figures thus obtained at periodic times, 45, 90, and 360 seconds, for different values of the total flux of induction between the pole pieces, are set forth in Table I . Strictly this method is only applicable when the electromotive forces of coils 1, 2', and 4 are in phase. W ith a periodic time of 360 seconds the curves are nearly in phase for all values of the external magnetising force, but this is not the case for the other periodic times, except at the high forces. The electromotive force curves are assumed to be in phase in each experiment when applying the above process of integration.
Influence of Wave-form.
If reference be made to fig. 3 it will be seen that No. 4 coil gives* an electromotive force whose wave-form lies between a sine curve and a rectangle. Suppose that the electromotive-force curve of No. 4 coil ■ were a rectangle having the same area as a sine curve about the same ibase line, Since the maximum ordinate of the sine curve is 7r/2' of the .'•ordinate of the rectangle, it follows that the minimum induction density dn the case of the rectangle will be 2/7r of the average induction •density. Since also with the rectangle the electromotive force is constant for the No. 4 coil, the induction density will increase inversely as sin 02 ( fig. 2 ). The value of the intensity of magnetic induction in each of the planes a, f3 , the graphical treatment described in connection with the experiments B2/^2 lias been applied. It gives as a result 2*08 ^16 for the watts per cubic centimetre dissipated by induced currents, the symbols having the definition given in the next section of this paper. The graphical treatment has also been applied when the intensity of magnetic induc-B 2/2Z 2 tion is constant, and gives 3*93 ^ie ■ for the watts per cubic centi metre. This formula is in close agreement with the result of theory. We should expect, therefore, that the experimental results would give a less rate of dissipation of energy than dictated by the considera tion of constant intensity of induction, and this is found to be the case.
It may be mentioned that as the above graphical methods lest upon calculation, the paths of the respective curves were determined by many more points than were possible in connection with the experi mental results.
Theoretical Considerations.
Let B = average induction per square centimetre in C.G.S. units. / = frequency in complete periods per second. p = specific resistance of the material of the cylinder in ohms. t = 21 = length of cylinder in centimetres along its tudinal axis. 2 nl = diameter of cylinder in centimetres. R = maximum radius of cylinder in centimetres.
x.
y, z be axes as shown in figs. 1 and 2.
In any plane section such as a, fig. 2 , one can consider thiee distri butions of the currents induced in the cylinder by rotation in a mag netic field, the lines of force being parallel to the planes a, /?, and at right angles to the longitudinal axis of the cylinder.
(1.) There is the distribution assumed by Baily* in which the electric currents flow in rectangular paths similar to the boundary of the plane of section oc/3y .... On the assumption that the rate of cutting lines of force is proportional to the distance from the centre of a plate, and that the distribution of magnetism is such that any point in the plate is cutting lines of force during two-thirds of a revolution, and that for the remaining one-third revolution the point is travelling along the lines of force, Baily has shown that, when R is great com pared with t, the average rate of dissipation of energy per cubic centi metre of the plate is given in watts by the formula 3 ^ssume that the cylinder rotates about its longitudinal axis in a truly uniform magnetic field. Assume also with Baily that the length of the path of the induced current = Az + Anz sin = 4g {1 + and that the electric resistance of the path = I 1 , " ohms. dx dz\n nl J
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The electromotive force in volts = 8z\fnB 10 8. Then the total rate of dissipation of energy in watts 
200.
When n 1TO the value of tan 1
By modifying the expression for the resistance of the rectangular B 2/2/2 path, Mr. Dale shows that the watts per cubic centimetre = 4*69 16-when n B2/ 2Z 2 1, and 12-6 when n is much greater than unity.
(2.) There is the distribution assumed in connection with the ex periments, that is, the induced currents distribute themselves on the surfaces of cylinders similar to and concentric with the cylinder experi mented upon. Mr. Dale has dealt with this case theoretically for a uniform magnetic field, and shows that the watts per cubic centimetre of the cylinder -Q,f' K ^ 3-95 when n 1, and 7*9 , when n is 10lep ' " 1016/o much greater than unity. The former coefficient is in very good agree ment with the graphical result, which is 3'93.
(3.) There is the case in which the current density in any path is constant throughout the whole length of the path. Mr. Dale has also dealt with this case theoretically and shows that the watts per cubic B2 / 2/2 I V centimetre 4*09 ~ when n l \ ) LO p J$2/2£2 _ 1, and 11*1 ■ when n is much 101D /o greater than unity.
Comparison of Experiment with Theory.
In Table I the formula 3*95 multiplied by the volume of the half cylinder, is used, in which B is the maximum average value of the intensity of magnetic induction given by coil No. 4. It will be seen that experiment gives a lower value for the total watts in the half cylinder than the formula, and this is to be expected from the waveAt 45 seconds periodic time and maximum average induction density for No. 4 coil 5900, the ratio of the watts given by theory and experiment is 3'15, which is much larger than the average. The explanation is that the magnetic induction is crowded to the surface of the cylinder, and as the wave-form for this portion is more nearly rectangular, the result is to make the watts given by experiment rela tiv e ly smaller. At periodic time 90 seconds we see the same influence at work when maximum average induction density given by coil 4 is 6700. On the other hand, there is no great difference between the results at 360 and 45 seconds periodic time with approximately uniform distribution of the intensity of magnetic induction.
Alternating Magnetic Force.
B Fleming* gives the expression 0-616 in a uniform magnetic field for the watts dissipated by induced currents per cubic centimetre of a cylinder to which an alternating magnetic force is applied whose direction is parallel to the longitudinal axis of the cylindei. The diameter of the cylinder is d centimetres, and the other symbols lepiesent the same quantities as before. This formula for frequency 129 and p = 13 x 10-6 ohm is approximately verified by experiment. The following results were obtained with a cylinder of mild steel 4 inches (10-16 cm.) diameter,! and have been extended to the case of a cylinder 0T cm. diameter on the assumption that similar electric and magnetic events happen in cylinders of different diameters at times varying inversely as the square of their diameters : Turning from round wires to plates, in which the cross-section normal to the lines of force has a length great as compared with its thickness, Fleming,* Steinmetz,f and Thomson agree in giving B2f 2t2 1'66 -for the watts per cubic centimetre. A plate would, there fore, dissipate nearly 2*7 times as much energy in a given time as a wire having a diameter equal to the thickness of the plate.
Rotating and Alternating Magnetic Fields.
We have seen that the results of' theory are fairly well verified by experiment. It remains to extend the formulae to cases actually met with in the construction of dynamo electric machinery. It is reason able to assume that the electric currents distribute themselves in paths such that constant current density is preserved. The formula
B 2f 2t2
. ,H 2'78 -m a y be taken to apply with a good deal of certainty in the case of circular plates in which the diameter is great as compared with the thickness, and in which the lines of force are uniformly distributed in the plane of the plate. Comparing this with the formula 1*65 B2 f 2t2 for alternating magnetic force, we may say that the rotating field would dissipate about 1*7 times as much energy in a given time as the alternating magnetic field. It should be remem bered, however, that even when the lines of force are confined t6 the plane of the plate, the dissipation of energy for a given average induction density may be considerably reduced if the distribution is such as to give the induced electromotive force a more rectangular wave-form. Some time ago § I tried to account for the loss in a smooth-core drum armature, in which the magnetic field was distributed * * * § Table I . The Dissipation of approximately as in these experiments. Bringing to bear the results of Professor Baily's experiments* on the dissipation of energy by 1 magnetic hysteresis in rotating magnetic fields and the results arrived at in this paper, I am still unable to account for the observed loss on the assumption that the plates are insulated from one another. In dynamo-electric machines, where approximate uniform rotating fields are met with, the construction does not lend itself to such perfect condi tions as, for instance, in the case of alternate current transformer cores. It is doubtful if the lines of force are always confined to the plate. If one considers the section of an armature core in which ventilating spaces are provided, it is highly probable that at the ends of the core and at each ventilating space there is a considerable axial component, which would at once give rise to a serious increase in the dissipation of energy by induced currents. The teeth are sometimes filed out after placing the plates in position, and this may lead to considerable con ductivity normal to the plane of the plate. Then, again, the plates are not always insulated from the shaft or spider which supports them. In multipolar dynamos it is questionable if one ever meets with a fair approximation to a uniform rotating field.
Longitudinal Variation of Intensity of Magnetic Induction.
In the previous paper it was stated th at the intensity of magnetic induction diminishes in value and suffers retardation in phase as one proceeds from either end of the cylinder along its longitudinal axis towards the centre, in much the same way as was observed radially in a plane at right-angles to the longitudinal axis and midway between the ends of the cylinder. This statement rested upon a comparison of the electromotive force of coil I with that of coil 1. In the present experiments an opportunity to examine this further was given, and coil 3' ( fig. 1 ) was wound round an area 22'6 sq. cm. at the end of the cylinder. The maximum values of the induction density over this area are given in Table I , so that a comparison can be made with the maxi mum value of the intensity of induction at the centre (coil 1). The phase-displacements are also given. The results further confirm the statement made in the previous paper.
Conclusion.
In my former paper I omitted to thank Professor Capper for the loan of the worm and worm-wheel used in these experiments. I have pleasure in doing so now. I have also pleasure in acknowledging the help I have received from Mr. F. S. Robertson, and Messrs. M. S. Duffitt and R. M. Wartze. I wish to mention the intelligent interest taken by Mr. Duffitt in the theoretical part of the work, and the patience and care Mr. Wartze has given to the working out of results. Mr. T. Jones has again rendered valuable assistance. 1 The rotation of a conducting sphere in a magnetic field is dis cussed by J. J. Thomson (' Researches in Electricity,' p. 546).
When the sphere is rotating about the axis of e, in a uniform magnetic field of force B parallel to x, the values of the current components when Jigu/cr) a is very small are,
(/x + 2)' xB, <0 being the angular velocity and a the radius. In the case of an iron sphere we may take g = 103, <r = 104, and the current components are approximately
The currents therefore flow in circles in planes parallel to having their centres on the axis of y. Integrating round a circle the value of the E.M.F. is found to he 3ttp2wB. This is likewise the value of the E.M.F. found on the assumption that the circuit is insulated and rotating in a field of magnetic induction equal to that in the sphere at rest.
The rate of heat production
taken throughout the volume of the sphere. Transforming to polar co-ordinates this becomes
Writing for w, 2-n-f where / is the frequency, we find for the rate of heat production per cubic centimetre, (T where 3B is the induction when the sphere is stationary.
2. In the case of a cylinder rotating about its axis of figure in a uniform magnetic field at right angles to the axis, we may assume, in analogy with the result for a sphere, that the induced currents circu late in planes parallel to the axis and the magnetic force, and that the E.M.F. in any circuit is the same as that which would be induced in the circuit supposed insulated and rotating in the magnetic field which exists in the cylinder at rest.
The form of the stream lines in any plane section is unknown. It is reasonable to assume that they are approximately rectangular. [May 28, Different assumptions may be made regarding the law of formation of the rectangular circuits. We shall assume, (1) that in any section the currents flow in rectangles similar to the boundary of the section; (2) that the currents flow on the surfaces of cylinders similar to the cylinder; (3) that the current density in any circuit is constant throughout that circuit; and compare the results obtained for the value of the rate of heat production according as one or other of these hypotheses is adopted.
3. Take axes through the centre of the cylinder, Oz the axis of rotation, Oy parallel to the magnetic induction in the cylinder.
Let a cm. be the radius, and 2 m m 2trf the angular velocity. In a section PNP' distant cm. from the axis, assume that the currents flow in circuits similar to the boundary of the section.
Let NL = z cm., then NQ = z fe 7 5 ) cm. ma If B is the magnetic induction, and p the specific resistance of the material in ohms, the E.M. 5. When the current in any section is assumed to be of uniform density throughout, the rectangular circuit must be such that QL being this circuit QP = LR, fig. (ii) .
The area enclosed by the circuit is 
When m is greater than , unity the integral B alone is taken, the limits of x being 0 and a.
To integrate A with respect to 2, let 
